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Mechanical Amplification by Non-Oscillating Saccular Hair Cell Bundles
Yuttana Roongthumskul, Dolores Bozovic.
Physics and Astronomy, University of California, Los Angeles, Los Angeles,
CA, USA.
Hair cells from the inner ear are the mechano-electrical transducers for biolog-
ical sound detection. Under in vitro conditions, hair bundles from bullfrog
sacculus can exhibit spontaneous oscillations, which suggest the existence of
an active process that might underlie its exquisite sensitivity to mechanical
stimulations. However, it was shown that these bundles do not spontaneously
oscillate under in vivo conditions: the overlying membrane applies not only
elastic and mass loading, but also large mechanical offsets. While oscillating
hair bundles were shown to amplify mechanical stimuli, it is still unknown
whether or not a non-oscillating (quiescent) hair bundle benefits from its active
process. Therefore, we focus on the response to mechanical sinusoidal stimulus
of non-oscillating hair bundles under mechanical offsets. In this work, stimuli
were applied to bundles with flexible glass fibers of stiffness 100-200 mN/m.
Hair bundle motions were recorded with a high-speed CMOS camera at 500
frames per second. We found that, under large mechanical offsets, stochastic
brief excursions (spikes) are observed in bundle motion, indicating the exis-
tence of an excitable regime. Application of a small sinusoidal stimulus en-
trains the occurrence of these mechanical spikes, leading to an amplified
movement of the bundle with respect to the passive response.
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Barriers in the Brain:Morphology and Confinement as Barrier for Lateral
Diffusion in Dendritic Spines
Remy Kusters, Cornelis Storm.
TU/e, Eindhoven, Netherlands.
Dendritic spines are the small-scale neuronal protrusions where the signal
transmission between dendrites and axons is localized. The strength of such
connections is regulated, among others, by a controlled concentration of
AMPA receptors which are effectively confined to the spine’s membrane.
The spine is able to retain these receptors in its functional domain for long
times, but how does it do this? We show that the shape and curvature of the
spine’s membrane strongly influence the diffusive motion of receptor proteins
on the spine’s surface. These geometrical effects, together with crowding ef-
fects, hinder the lateral diffusion of particles on a membrane. We consider
the lateral motion of receptors in the dendritic spine membrane, and find that
geometrical confinement and crowding help sustain gradients in concentrations
of receptors for very long times, in support of recent experiments. This suggests
a deep relationship between shape and physiological function.
We present numerical and analytical results showing that the diffusion of
receptors is increasingly hindered for decreasing neck sizes of the spine. Be-
sides these geometrical effects, our simulations provide novel insights in
crowding effects for interacting particles on curved surfaces. Both geometry
and crowding dramatically increase the characteristic time scale for lateral
diffusion, thus greatly suppressing the escape rate. This facilitates the confine-
ment of receptors to their functional domain for very long times. These
insights help to rationalize Fluorescence after Photobleaching (FRAP) and
Single Particle Tracking (SPT) experiments - not only in dendritic spines,
but also on bacteria, mitochondria, and other biological structures in which
curved membranes feature.
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Charaterization of Calcium Current and Exocytosis in Zebrafish Lateral
Line Hair Cells During Development
Caixia Lv, Joseph Santos-Sacchi, David Zenisek.
Yale University, New Haven, CT, USA.
Zebrafish offer a genetically manipulable system for studying hair cell signal
transduction and exocytosis, but little is known about the physiological proper-
ties of hair cells in the developing zebrafish. To study these properties, we have
developed an in vivo voltage clamp preparation that allows one to record from
hair cells in the lateral line organs of living zebrafish. Here, we report the phys-
iological properties of the hair cells of the zebrafish lateral line at 4 to 12 days
post-fertilization (dpf). Hair cells were voltage clamped using a two-sine wave
technique to characterize the calcium current and membrane capacitance
change during exocytosis. In response to step depolarizations, hair cells ex-
hibited maxima calcium current (8.6 þ/-0.97pA) at 10mV beginning at 4-8
dpf, which were accompanied by near-linear increases in capacitance
(117.4þ/-32fF/s). At approximately 9-12 dpf, a shift in the I-V relationship
of the calcium current occurs and hair cells begin to exhibit dramatically larger
calcium current (18.3þ/- 2.9 pA)) with peak current exhibited at 0-20 mV .Theexocytosis (169þ/-21 fF/s) also increased at 10mV. These results indicate a
dramatic developmental switch in hair cell properties in the second week of life
for zebrafish.
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Magnetic Field Effects on Geotactic Responses in Drosophila
Melanogaster
Timothy Ma.
UC Irvine, Irvine, CA, USA.
A wide range of organisms have the ability to sense Earth’s magnetic field and
use it as a method of orientation. The biophysical mechanism of this sixth sense
is not well understood with two mechanisms currently discussed, one based on
iron-oxide particles (magnetite mechanism) and, alternatively, a mechanism
based on the sensitivity of electron spins (radical-pair mechanism). One of
the challenges hindering progress towards conclusive identification of the mag-
netoreceptors is the lack of experimental assays with genetic models demon-
strating sensitivity to the direction of earth-strength magnetic fields.
Here, we present results from two assays testing the effect of magnetic fields on
geotactic responses of fruit flies, Drosophila Melanogaster. We are investi-
gating Canton-S wild type fruit flies as well as two strains selected for positive
(’Lo’) and negative (’Hi’) geotaxis. Experiments in a vertical nine-level
geotaxis Hirsch maze assay show a significant effect of reversing the direction
of the magnetic field on the responses of Canton-S strains. Under a double
strength Earth field and a zero field, there was no significant effect. We also
tested effects of a strong inhomogeneous field and one end of the maze. In a
second assay, we began testing the Canton-S strain in a two-armed T-maze
to allow for better comparison with previously published assays and we report
preliminary results. Effects on geotaxis can potentially pave the way towards
identifying a role of cryptochromes, a putative magnetoreceptor in the radical
pair mechanism, because Hi and Lo strains have been shown to differ strongly
in their cryptochrome expression.
3018-Pos Board B710
The Cloning and Expression of Whooping Crane Photopigments
Ifeolu Akinnola1, Elelbin Ortiz1, Devyani Ujla1, Robert McCready1,
Evan Cameron1, Alexandra Kingston1, Megan Porter2, Thomas Cronin1,
Phyllis Robinson1.
1Biological Sciences, UMBC, Baltimore, MD, USA, 2Biology,
UNIVERSITY OF SOUT DAKOTA, VERMILLON, SD, USA.
The whooping crane (Grus Americana) is an endangered species of bird native
to North America and has yet to have its visual system characterized. Photopig-
ments are a class of G-protein coupled receptors that respond to light. Each
photopigment responds to a different wavelength of light. Our goal was to
determine the sequences of the whooping crane’s opsins and determine the
spectral properties of the expressed visual pigments. With the rare gift of a
whooping crane eye, we have cloned and sequenced all five opsin genes. We
have then subcloned the genes into a mammalian expression vector and
expressed them in a heterologous expression system. We then purified the re-
constituted visual pigments and determined their spectral properties. The five
visual pigments have the following absorbance maxima: SWS1, 404 nm;
SWS2, 450 nm; RH, 500 nm; RH2 499 nm and LWS, 566 nm. The visual sys-
tem of the whooping crane will be compared to that of other avian species.
This work was funded, in part, by the National Eye Institute to P.R.R. and by the




Quantitatively Imaging Stable Isotopes at Subcellular Level with
Correlative Electron Microscopy and Nanosims Analysis
Haibo Jiang1, Elena Favaro2, Chris N. Goulbourne3, David J.P. Ferguson4,
Stephen G. Young3, Adrian L. Harris2, Chris R.M. Grovenor1.
1Materials Department, Oxford University, Oxford, United Kingdom,
2Weatherall Institute of Molecular Medicine, Oxford University, Oxford,
United Kingdom, 3Department of Medicine, David Geffen School of
Medicine, University of California Los Angeles, Los Angeles, CA, USA,
4Nuffield Department of Clinical Laboratory Science, University of Oxford,
Oxford, United Kingdom.
Due to the complex of most biological problems, more and more correlative
techniques have been developed to extract as much information as possible
from the sample. In this presentation, we will report a reliable protocol and
several applications of the correlative EM and NanoSIMS analysis on quanti-
tatively imaging stable isotopes. The NanoSIMS is a secondary ion mass spec-
trometry instrument which can detect elemental and isotopic distributions with
598a Tuesday, February 18, 2014up to 50 nm. This capability has enabled several important studies on biological
samples. Backscattered electron imaging has the ability to create morpholog-
ical map from single cell to tissue scale. Combining the two techniques, we
are able to obtain structural and isotopic information from the same sample,
which can be useful to study complex biological problems at both single
cell and tissue scale. (1) Single Cells: glutamine metabolism has been studied
by correlative analysis, which makes it
possible to measure the uptake of isotopi-
cally labelled molecules in specific organ-
elles in single cells (Fig 1a-1b). (2)
Tissues: various mouse tissue samples
have been imaged, which enables to trace
13C-labelled lipids in any structures
throughout the tissues (Fig 1c-1e).
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A Time-Resolved CRYO-EM Study of Ribosome Subunit Association by
Mixing-Spraying
Bo Chen1, Ming Sun1, Bingxin Shen1, Zonghuan Lu2, David Barnard3,
Toh-Ming Lu2, Ruben Gonzalez1, Joachim Frank1,4.
1Columbia University, New York, NY, USA, 2Rensselaer Polytechnic
Institute, Troy, NY, USA, 3Wadsworth Center, Albany, NY, USA, 4Howard
Hughes Medical Institute, New York, NY, USA.
The emergence of a high-throughput data processing pipeline and efficient clas-
sification algorithms has revived the idea of time-resolved cryogenic electron
microscopy (cryo-EM), i.e., capturing time-dependent structures in a biological
specimen using cryo-EM. The blotting method now routinely used to prepare
cryo-EM specimen is sufficient only to study a reaction in the second to minute
range. Capturing faster reactions, in the sub-second range, has been a practical
challenge, due to the required step of depositing the specimen on the grid. To
address this challenge, Lu et al. (2009) have developed a novel method to pre-
pare time-resolved cryo-EM specimens, by using a nano-fabricated mixing-
spraying chip. The mixing-spraying chip allows a two-component reaction to
proceed inside the chip for tens to hundreds of milliseconds (ms), which is
then stopped by fast freezing. Here we used the improved mixing-spraying
method to study ribosome subunit association, and particularly to capture the
conformational changes of the ribosome in this reaction. Ribosome subunit as-
sociation is a pivotal step in translation initiation. Previous ensemble kinetic
studies suggested that the ribosome subunit association is a multi-step process,
with the ribosomal inter-subunit bridges sequentially formed. Using time-
resolved cryo-EM, we were able to capture the association reaction in a pre-
equilibrium state by mixing the two ribosomal subunits and reacting for
140ms. However, the fraction population of the associated ribosomes in each
conformation was stable from 140ms to 75min, indicating that the ribosome un-
dergoes conformational changes faster than the 140ms time frame upon asso-
ciation of the subunits. Thus, we have demonstrated that the mixing-spraying
method of time-resolved cryo-EM is able to visualize the states of macromol-
ecules in a reaction within a sub-second time frame.
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Visualizing Biological Samples in Liquid Solution by Electron Microscopy
Gang Ren, Lei Zhang, Zhuoyang Lu, Bo Peng, Ed Wong, Dongsheng Lei,
Meng Zhang, Matthew j. Rames.
Lawrence Berkeley National Laboratory, Berkeley, CA, USA.
Liquid water is essential to life on earth. The cell, the basic component of all
living organisms, functions through the action of proteins in a liquid environ-
ment. Consequently, the ability to directly visualize protein structure at
nanometer-resolution in a liquid environment would dramatically advance
mechanistic understanding of protein function in cellular activity. Current tech-
niques in imaging biological samples in liquid solution are limited by micro-
meter scale resolution, Fluorescence-labeled, dehydrated, fixed, stained or
frozen in ice.
Here, we report an electron microscopic approach for imaging label-free, near-
native biological samples in liquid environment. By passing electrons through a
thin layer of liquid-buffer sealed within a micro-chamber, we directly visual-
ized the structure of proteins, viruses, bacteria and human cells at nanometer
resolution, even achieved their 3D structures. For example, the electron tomo-
graphic 3D reconstruction (Figure) of a label-free living bacteria, Magnetospir-
illum magneticum in growth medium showed a smooth outer shell and internal
components, such as poly(3-hydroxybutyrate) (PHB), chromosomal mass
(CR), magnetosomes (MG) and internal septal layer. These results suggest
the method offers both a general-purpose
and high-throughput tool for imaging the
structure of biological samples in near-
native physiological liquid conditions.3022-Pos Board B714
Cryo-Em Studies of DRP1 Self-Assembly Provide Insights into the
Mechanism of Mitochondrial Fission
Frances J.D. Alvarez1,2, Christopher A. Francy1,2, Jason A. Mears1,2.
1Department of Pharmacology, Case Western Reserve University, Cleveland,
OH, USA, 2Cleveland Center for Membrane and Structural Biology,
Cleveland, OH, USA.
Dynamin-related protein 1 (Drp1) belongs to a family of large GTPase proteins
that regulate membrane dynamics and morphology. Self-assembly of cytosolic
Drp1 into larger oligomers on the surface of mitochondria is essential for
ensuing membrane fission. Preliminary studies show that in vitro reconstitu-
tions of Drp1 emulate key features of the mitochondrial division machinery
and provide a model system for evaluating conformational changes that drive
membrane remodeling. To understand Drp1 self-assembly, cryo-electron mi-
croscopy (cryo-EM) will be used to determine the 3D structures of both the
pre-assembly state and helical oligomers. More specifically, recombinant
Drp1 forms stable tetramers in solution that are amenable to EM analysis. In
the presence of non-hydrolyzable GTP analogs and/or synthetic liposomes,
Drp1 further assembles into helical oligomers with varying diameters, suggest-
ing ligand-induced conformational changes. Cryo-EM studies will determine
the 3D structures of reconstituted Drp1 oligomers to reveal key intermolecular
interactions and conformational changes that drive Drp1 self-assembly and
mediate mitochondrial membrane fission.
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Cryo-Tomography of Vitrified Bacterial and Human Cells by Scanning
Transmission Electron Microscopy
Sharon G. Wolf1, Lothar Houben2, Michael Elbaum1.
1Weizmann Institute of Science, Rehovot, Israel, 2Ernst Ruska-Centre for
Microscopy and Spectroscopy with Electrons, Julich, Germany.
Cryo-transmission electron tomography (CET) has emerged as a vital tool for
structural biology studies of cells and viruses. Direct imaging of fully hydrated,
vitrified material represents the state of the art for preservation of biological
samples. Lacking heavy metal stains, CET relies on phase contrast typically ob-
tained by defocusing the sample. The dependence on phase coherence, as well
as cumulative radiation damage on frozen hydrated specimens, impose an
inherent upper limit on sample thickness and usable tilt range. Even with en-
ergy filtration to remove the contribution of inelastic scattering, CET suffers
from "missing wedge" effects and low signal-to-noise ratio. Scanning transmis-
sion electron microscopy (STEM) circumvents the need for phase contrast with
incoherent detection, and has recently been extended to biological tomography.
However the weak electron scattering by light elements was thought to pre-
clude its application to unstained cryogenic specimens. We show this not to
be the case. To the contrary, we find that raster scanning permits a higher total
dose than conventional wide-field imaging, and the independent STEM detec-
tion in bright and dark field detectors provides sufficient contrast to show
detailed cellular architecture similar to that provided by wide-field tomography.
An important difference is that the specimen remains dynamically in focus
even at high very tilts up to 70. This significantly improves the depth resolu-
tion in reconstructions. Sample thickness limitations are also relaxed. We
demonstrate the cryo-STEM tomography (CSTET) method using unstained,
vitrified bacteria and human epithelial cells.
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Compressed Sensing Methods for Electron Tomography of Cellular
Structure
Matthew D. Guay1, Wojciech Czaja2, Richard D. Leapman3.
1Department of Applied Mathematics and Scientific Computation, University
of Maryland, College Park, MD, USA, 2Department of Mathematics,
University of Maryland, College Park, MD, USA, 3NIBIB, National Institutes
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Optimization-based image recovery algorithms exploiting sparse representa-
tions, such as compressed sensing (CS), are emerging as powerful tools in im-
age denoising and dosage reduction for biomedical imaging. The efficacy of CS
recovery for any imaging application hinges on the structure of the images to be
reconstructed, the structure of the measurement process, and the structure of
image noise. In particular, the utility of CS-ET for undersampled tomogram
reconstruction relies on the image satisfying constraints of an a priori image
structural model, a dependency, which hints at the theoretical connections be-
tween CS and regularization techniques for image recovery. We examine these
issues in the context of electron tomography (ET) for membranous cellular or-
ganelles, analyzing the ultrastructural sparsity in the datasets, and addressing
the structure of the shot noise. Using numerical simulations, we compare recon-
structions from the standard tilt series acquisition technique and a randomized
tilt-angle variant, against a benchmark CS measurement scheme. To assess
